The paper builds on recent work measuring trade in value added and developing methodologies for estimating trade costs in order to empirically assess the costs faced by services exporters in the context of global value chains. The paper first calculates trade costs for intermediate and final services and compares these costs across countries and sectors, as well as with similar costs faced by goods exporters. It then uses these measures of services trade costs along with new policy data from the OECD's Services Trade Restrictiveness Index (STRI) to analyse the determinants of trade costs in each instance, and develop policy implications.
Introduction
While nearly two-thirds of all economic activity is made up of services, trade in services represents a small share of world trade, between one fifth and one quarter when measured on a balance of payments basis. But recent research has highlighted that many services are traded embodied in goods (OECD, 2013) . With a value added approach, services account for almost half of world trade. On the one hand, this is explained by the increasing tradability of services due to technological progress but also to trade and investment liberalisation. On the other hand, this is the consequence of the fragmentation of production and the essential role of services in linking activities that are geographically dispersed in global value chains (GVCs). More than ever before, the world economy relies on transport, logistics, financial services and a variety of business services to move goods, people and capital around. All the new evidence on global value chains points out to the importance of services inputs in trade.
The literature on trade in goods has already started to assess the implications of the fragmentation of production on trade costs and their analysis (Noguera, 2012) . Theoretical models have also been developed to extend the gravity model to services (Anderson et al., 2014) and to empirically measure trade costs for services (Miroudot et al., 2013a) . In this paper, we propose to further integrate the GVC perspective into the analysis of trade in services with new measures of trade costs distinguishing between services inputs and services provided for final consumption. We also look at the policy determinants of these trade costs, using recently released information on barriers to trade in services.
The role of services in global value chains

Services links in global value chains
From Adam Smith to the latest growth theories, the division of labour has been at the heart of explanations of productivity growth. GVCs can be seen as just the latest level in the international division of labour. They have contributed to the upward shift in productivity observed from the mid-1990s to the mid-2000s. Trade, and not just the ICT revolution, has increased growth (Feenstra et al., 2013) , in particular because trade in intermediate goods and services improves the allocation of capital and labour across sectors and countries (Jones, 2011) . Services play an important role in the value chain because they enable companies to manage production processes that are split across countries (Jones and Kierzkowski, 2001) . Without these service links (transport, communication, logistics, finance, etc.) , there could be no global value chain.
Services as value adding activities
But services a e ot just the glue i glo al alue hai s; the a e also i easi gl see as alue addi g a ti ities in their own right (Dermirkan et al., 2011; Low, 2014) . Services are behind enterprise innovation at several levels. Increasingly, R&D and design activities at the beginning of the value chain are being outsourced and becoming service inputs into GVCs.
Even if R&D is conducted in-house, it is also through services (training, education) that the necessary human capital is maintained. Skill improvements, and likewise consulting services and other types of business services, can increase the productivity of firms at any stage in the value chain. Another type of innovation is product innovation. More and more firms are developing their value added by bundling goods and services. Instead of selling products, firms sell solutions; customer services are an integral part of their strategy to add value. Interactions between producers and customers lead to higher levels of customization. These tailored solutions also enhance productivity and contribute to growth.
Services value chains
The fragmentation of production, which has long taken place in manufacturing industries, is now increasingly occurring also in services. De Backer and Miroudot (2013) indicate that the length of value chains and the use of foreign inputs have increased in several service industries, such as financial services and business services. Rather than a linear value chain, these services are produced through a network of activities in what looks o e like a spide tha a s ake Bald i a d Ve a les, . Gereffi and Fernandez-Stark (2010) discussed GVCs in business services in depth by explicitly distinguishing between horizontal activities (i.e. services that are needed by any type of company) and vertical activities (i.e. services that are part of a specific value chain in the manufacturing sector).
Estimating trade costs for services when production is fragmented
Gravity and trade costs for services
There are challenges in measuring trade in services (Broussolle, 2014) and comprehensive bilateral trade data for services are not easily available. This could explain why for a long time the gravity literature has chiefly focused on trade in goods. But recently, it was shown that what applies for goods is also relevant for services (Walsh, 2008) . Anderson et al. (2014) provide a theoretical foundation for the gravity equation and use it to analyse bilateral trade flows in services. The structural gravity model explains bilateral trade at user prices as a function of the expenditures in the importing country and sales in the exporting economy expressed as a share of world output (the frictionless value of trade) and a variable bilateral trade cost affected by trade costs with other partners (the distortion in trade induced by trade frictions).
Assuming identical preferences or technologies across countries (i.e. a globally common constant elasticity of substitution across varieties of services k), the structural gravity equation is:
where is the value of exports of service k from country i to country j at destination prices, the sales of service k (to all destinations, at destination prices) in country i, the expenditures on service k in country j (from all origins), and is world output of service k (the sum of all sales/expenditures in all countries) . ≥ 1 is a variable bilateral trade cost between country i and country j for service k but bilateral trade is also affected by trade costs with other partners, summarised in two multilateral resistance terms:
Π is the outward multilateral resistance and aggregates the incidence of all bilateral trade costs borne by the producers of service k in country i. P is the inward multilateral resistance and accounts for the incidence of all bilateral trade costs on buyers of service k in country j. These two multilateral resistance terms account for the fact that it is relative prices, and thus relative trade costs, that matter for the determination of the global pattern of trade and production. However, they are unfortunately not directly observable.
What Novy (2013) suggests, building on Head and Ries (2001) , is to calculate trade costs in a way that does not require information on multilateral resistance, or the relative levels of tariffs and other measures around the world. The trick is to multiply gravity equation (1) describing trade flows from i to j by the corresponding equation for trade from j to i. What is obtained is:
Substituting in the above equation the product of outward and inward multilateral resistance given by equations (1), and rearranging, the proposed measure for trade costs is:
measures bilateral trade costs relative to domestic trade costs and is the geometric mean of barriers to trade in both directions. One is subtracted in order to obtain a tariff equivalent.
This measure was used by Miroudot et al. (2013a) 
The product of the gravity equations for intermediate services in both directions is then:
Similarly, for final services:
We thus obtain two measures of trade costs for intermediate and final services when taking the geometric mean of the barriers in both directions:
3. Dataset and statistical issues
The World Input-Output Database (WIOD)
To estimate trade costs in services, this paper relies on the World Input-Output Database (Timmer et al., 2014) . The dataset consists of a time-series of world input-output tables covering the period 1995 to 2011, with detailed data for 40 economies (27 EU countries and 13 other major advanced and emerging economies). The advantage is that these tables are consistent with national accounts, harmonised across countries and account for all intercountry and inter-industry transactions in 17 service industries, distinguishing between intermediate and final services. The World Input Output Tables have both the information on domestic sales and imports/exports of services, which is all that is needed to calculate trade costs.
To build these tables, a variety of statistics are used but the main information comes from international supply-use tables. This is a more reliable source for trade in services as compared to balance of payments data. However, the national tables have no bilateral dimension and trade has to be allocated to partners on the basis of trade statistics that are generally of lower quality. Balancing procedures are then used to make the data consistent across countries and to solve the observed discrepancies between trade flows reported in national accounts and in trade statistics. These adjustments are based on assumptions that may introduce some bias in the estimation of trade costs but we still regard these data as more reliable than BOP statistics.
The OECD Services Trade Restrictiveness Index (STRI)
To assess barriers to trade in services, we use the information from a new dataset that was recently released by the OECD and that provides Services Trade Restrictiveness Indices (STRIs) for 18 sectors. The OECD STRI covers a wider range of trade barriers as compared to a similar index released by the World Bank that focuses only on the restrictions relevant for the General Agreement on Trade in Services (GATS). Moreover, the information is more recent and was fully verified by all the countries. The indices are available for 40 economies (all OECD Members and the BRIICS). The country coverage is not exactly the same as the WIOD dataset both in terms of countries and industries, requiring more aggregation and working with a sub-set of 32 countries.
Main findings on the evolution of trade costs for services 1995-2011
The two previous sections set out a methodology for calculating trade costs in intermediate and final services, and discussed data sources. This section applies the methodology to the data, and provides an overview of results. It is important to stress that the numbers involved are very high, much higher than for goods trade, for example, but this finding is in line with previous work (Miroudot et al., 2013a) . 3
The overall pattern followed by trade costs is highly similar for the two cases. The overall trend is clearly downwards, particularly from 2004/2005 onwards. There is evidence that the trend has been halted, and potentially slightly reversed, since the Great Trade Collapse of 2008-2009, although the changes involved are relatively small. This finding is consistent with the high level of disruption to value chains caused by the Global Financial Crisis and the ensuing trade collapse. However, the evidence from goods sectors, which we would expect services to follow, albeit with an apparent lag, is that value chains recover relatively quickly from economic shocks, even major ones. One potential reason for this resilience is that lead firms make relationship specific investments in building GVC supplier networks, so shocks tend to result in a hiatus in that relationship rather than its complete undoing. Shepherd and Cattaneo (2014) examine GVC responses to major shocks in the Asia-Pacific, and find that even in extreme cases, like the Thai floods or the Great Tohoku Earthquake, both of which occurred in 2011, recovery of trade flows generally took no more than 12 months. It is therefore likely that more recent data would disclose a continuing downward trend in trade costs. 
Source: Authors' calculations.
The similarity of the time paths of the two types of trade costs is reinforced by a consideration of the relative change between the beginning of the sample period and the end. Intermediate trade costs declined by 11.5%, and final trade costs fell by 9.3%. Although the rate of decline is slightly faster for intermediates, the difference is not very large. The overall conclusion to be drawn is that, based on aggregate data, trade costs are following a relatively similar downward path, at similar speeds, for both final and intermediate services.
We emphasize that the relative decline in trade costs takes account of the different initial baselines, and as Novy (2013) has shown, it is relatively insensitive to the parameter choice made for the elasticity of substitution.
Although aggregate results are informative, it is important to drill down to the sectoral level to examine the potentially different ways in which final and intermediate trade costs have evolved over time due to sectoral specificities, including regulation and other measures that impact the cost to services firms of doing business abroad. With the exception of finance, which has the particularity of a major crisis part way through the sample, sectoral trends in intermediate trade costs mimic the aggregate trend: trade costs are falling, but at different rates in different sectors. The largest fall in trade costs is in the business services sector (15%), followed by distribution (12%), transport (8%), and post and telecommunications (6%). Trade costs in construction increased very slightly (1%), but can essentially be regarded as static through time. In finance, trade costs increased by 12%, mostly in the 2009-2010 period. 
The overall pattern of final trade costs (Figure 3 ) is reasonably similar to the case of intermediate trade costs, but with some important differences. First, as indicated by the aggregate data, trade costs are higher for final services compared with intermediates. This finding holds true in all cases, and the differences can be quite large, in excess of 40% in the cases of business services and construction.
In terms of the distribution of final trade costs across sectors, the sector with the highest trade costs is construction, and the sector with the lowest trade costs is transport; this pattern was also observed for intermediate trade costs. Trade costs for three of the four other sectors follow a converging path, and the sample period ends with them at reasonably similar levels, intermediate between construction and transport. The exception to the overall trend is again finance, which is relatively static for most of the period, but which then jumps to a noticeably higher level post downwards trend is largest in the case of business services, which registered a fall in trade costs of 15% over the sample period, followed by distribution (13%). Changes for the other sectors are considerably smaller: 8% for transport, and 1% each for construction and post and telecommunications. The case of finance again stands out, as just noticed, with a 15% increase in trade costs over the sample period. The increase is largely due to regulatory changes induced by the Global Financial Crisis, which suggests that policy might have played an important role, along with market factors such as the re-pricing of risk. To further explore the links between applied services trade policies and trade costs outcomes, the following section presents results from fully specified econometric models in which intermediate and final trade costs are linked to data on restrictions to services trade, as well as to a set of control variables. To take a first pass at the data, pooled estimation is used with fixed effects by exportersector and importer-sector to account for unobserved heterogeneity. The flexibility of the fixed effects formulation means that in terms of observables, it is only necessary to focus on data that vary bilaterally and at the sector level. 
Econometric analysis: barriers to trade in services and trade costs
where: STRI comes from the OECD dataset, and is transformed into a bilateral variable by taking the geometric average of the exporter and importer scores; distance, common language, colony, and same country are taken from the CEPII distance dataset; the d terms are fixed effects; and e is the error term. As in the exposition above, i and j index exporters and importers respectively, and f and m refer to final and intermediate trade. The k index refers to sectors within each type of trade.
Equations 15 and 16 are both log-linearized models with strong similarities to the standard gravity model, from which they are of course derived. The estimation results presented in Table 1 give a general idea of the links between trade costs and trade in intermediate and final services. However, it is likely that different sectors respond differently, which means that the pooled estimation approach-although useful for identifying average effects-may be insufficiently flexible to bring out some types of crosssectoral heterogeneity. To deal with this possibility, equations 15 and 16 are re-estimated separately sector by sector. The exporter-sector and importer-sector fixed effects are replaced with exporter and importer fixed effects. Other than that, the estimation models are identical, but are applied to one sector at a time.
The trade costs data cover six sectors: construction, distribution, transport, post and telecommunications, finance, and business services. Of the six, transport needs to be dropped from the sectoral estimates due to insufficient variation in the STRI across countries. Results are therefore presented for the remaining five countries. Table 2 covers construction, distribution, and post and telecommunications, and Table 3 covers finance and business services.
Results for the first three sectors in Table 2 are mixed. With the exception of the same country dummy, the gravity control variables have appropriately signed and statistically significant coefficients of sensible magnitude. By contrast, only three of the six models have STRI coefficients that are positive and statistically significant; the remainder are not statistically significant at the 10% level or better. Results are strongest for post and telecommunications, which is a service sector that is widely traded internationally. Interestingly, the coefficient for intermediate trade is larger than that for final trade, which provides some evidence that services trade restrictions matter more for intermediate trade than for final trade. However, the relative imprecision in the estimates means that the difference between the two coefficients is not statistically significant, and should therefore be interpreted with caution.
For distribution, by contrast, it is only final trade that has the expected positive and statistically significant coefficient. One factor that is potentially important for this sector is the nature of services trade barriers de facto, and those that are captured by the STRI. The STRI focuses primarily on retail services, although both retail and wholesale are in theory covered by the data. An important difference between the two is that barriers to wholesale trade tend to be more related to competition policy issues that are not fully taken into account in the STRI. The STRI focuses on issues like retail shop opening hours, which are true policy restrictions to services trade. Given this focus, and the fact that final goods trade has a heavier retail to wholesale ratio in terms of sectoral activity than does intermediate goods t ade, the esults fo dist i utio ight e e plai ed a ette fit et ee the poli data and trade costs for final as opposed to intermediate trade.
Data is also an important issue for construction services. It is well known that construction services are poorly tracked in international trade data. Relatively little true trade in construction services passes through the balance of payments 5 , and what is recorded sometimes mixes in other types of trade, such as the supply of construction materials (goods trade) or professional services (engineering and architecture). Trade costs as calculated in this paper rely on trade data that have been reconciled with national accounts, but there is evidence of significant under-reporting of this sector in the trade component of the national accounts, even in countries that are known from other sources to be significant exporters (e.g., France, Japan, and the USA). In light of these considerations, it seems likely that data reliability issues plague this sector, and it is perhaps not surprising that results are not strong compared with other sectors. Table 3 presents results for the two remaining sectors, namely financial services and business services. For financial services, the gravity model control variables all have parameters with the expected signs, magnitudes, and statistical significance. In business services, by contrast, it is only distance (both models) and the same country dummy (intermediate trade) that are statistically significant, although all parameters have the expected signs and magnitudes; the common language dummy is marginally significant in the intermediate trade model (prob. = 0.104).
Results for the STRI are also very different from one sector to the other. For financial services, the relevant parameter is only correctly signed in the intermediate trade regression, and it is significant at the 15% level, but not the 10% level that is standard. By contrast, the STRI coefficient is correctly signed, of appropriate magnitude, and highly statistically significant in both business services models. Indeed, the coefficients for business services are the largest observed for any sector. Interestingly, the coefficient for intermediate trade is more than twice as large as the coefficient for final trade, and the difference is marginally statistically significant at the 10% level. In the case of business services, there is therefore weak evidence that trade barriers in services have more of a negative effect on trade in intermediate services than on trade in final services.
I te s of data fit , the ase of fi a ial se i es is si ila to that of dist i utio se i es, discussed above. Although there are pure policy restrictions that affect trade in financial services, there are also issues of competition policy and broader behind-the-border egulato sta e that affe t fo eig fi s a ilit to do usi ess i a gi e a ket. I addition, the STRI captures a certain number of restrictions that are more relevant to retail financial services than to wholesale financial services. It therefore seems plausible that data reliability at least partly explains the lack of statistically significant results for finance, which at first glance seems surprising given the strong results in business services, another sector that is highly internationalized. 
Conclusion: Main policy implications
This chapter has used new data to present the first evidence on trade costs in services, distinguishing between services supplied cross-border for final consumption, and those provided as intermediates. The data have been analysed using a theory-consistent methodology that infers the level of trade costs from the observed pattern of trade and production across countries. We have found that final trade costs are higher in all sectors than intermediate trade costs, and that they are falling more slowly. Although there is a generalized downwards trend in both types of trade costs, an important exception is financial services, where evidence suggests that trade costs have increased substantially in the wake of the Global Financial Crisis.
The second set of empirical findings in the chapter relates more particularly to the role pla ed poli i dete i i g the le el of t ade osts. Usi g the OECD s e Se i es The fact that many services are traded embodied in goods implies that services trade negotiators should not limit their attention to barriers on trade in services. Trade protection on goods has an indirect impact on services trade and some authors have suggested looking at a new mode of supply of services, so called Mode , to account for this indirect trade in services (Cernat and Kutlina-Dimitrova, 2014) . Since service exporters also use goods as inputs, they are also affected on the import side. Miroudot et al. (2013b) show that tariffs in some industries account for a non-negligible share of the value of service exports. For example, hotels and restaurants providing services to tourists (Mode 2 trade in services) incur significant costs related to the high tariffs observed in the agriculture and food sectors upstream.
A corollary is that the trade restrictiveness observed in the service sector has a detrimental i pa t o e po ts of a ufa tu i g goods. The se i ifi atio of e o o ies i plies that many manufacturing industries would export more if they were not limited by the barriers on their service inputs (National Board of Trade, 2012).
The rise of GVCs and the variety of roles that services-including internationally traded services-play within them reinforces the importance of services policies from the point of view of promoting economic activity, increasing productivity, and supporting exports and i po ts. F o o e pe spe ti e, se i es a e i po ta t e ause the a e the glue holdi g
GVCs together. The GVC business model simply cannot function without cross-border flows of transport, logistics and distribution, finance, and business services, amongst others. However, this role is not the only one that services play in GVCs. They also enter directly into the production function of goods (and other services) traded within GVCs. It has long been recognized that liberalization of services trade policies-broadly understood to include behind-the-border barriers-a ha e sig ifi a t k o k o effe ts for the rest of the economy, in particular through increased productivity of firms that use services inputs. That observation is all the truer against the backdrop of an increased role for GVCs in production and trade all over the world. Paying increased attention to services barriers is an important part of taking a value chain view of trade policy (cf. WEF and World Bank, 2013) .
